ABSTRACT. Determined independently from annually laminated ice cores and lake sediments, and German pines, the calendar ages of Younger Dryas (YD) boundaries significantly disagree with one another. 14C dates, plotted vs. calendar ages for samples from different sediments, also reveal distinct offsets. The adjustment of varve chronologies to synchronize the boundaries of the YD nearly cancels the discrepancies between 14C data, and supports the synchronism of the YD cold period over the North Atlantic region. However, the exact timing of the event cannot be estimated in this way.
INTRODUCTION
The Younger Dryas (YD), an abrupt, temporary cooling Ca. 12 ka ago, was the last in a long series of brief climatic oscillations during the past 70 ka. These events were associated with an apparent shift of surface-air temperature in the North Atlantic region of 4-7°C within several decades, as recorded in Greenland ice cores (Johnsen et a1.1992; Taylor et a!. 1993b; Grootes et a1.1993) . Although the YD has been documented mainly in Greenland ice (Johnsen et a1.1992; Alley et al. 1993; Dansgaard et al. 1993; Dansgaard, White and Johnsen 1993; Mayewski et al. 1993; Taylor et al.1993a,b; Grootes et al. 1993) , in lacustrine sediments in Europe (Watts 1980; Pons et a1.1987; Lotter et al. 1992; Zolitschka, Haverkamp and Negendank 1992; Goslar et a1.1993) , and in deep-sea cores from the North Atlantic Ocean (Bard et a1.1987; Lehman and Keigwin 1992) , evidence of this event has also been found in northeastern America and eastern Canada (Peteet et al. 1990 ; Mott et a1.1986 ; Levesque et al. 1993) . In Colombia (van Geel and van der Hammen 1973), as well as in deep-sea cores from the Northwest Pacific and the Sulu Sea (Kudrass et a1. 1991) , observations of similar oscillations suggest that the YD was at least a hemispheric event. YD-like events have also been recognized in Africa and Antarctica (Roberts et a1.1993; Jouzel et a1.1992) . Nevertheless, only a few records document the YD cold event with an annual resolution and provide an independent time scale of calendar years. Until now, such records have been concentrated in the North Atlantic region -Greenland Summit (GRIP and GISP2) ice cores, European annually laminated sediments (Swedish varves, Lake Goci, Lake Holzmaar and Soppensee) and German pine wood. These records are crucial for better understanding the response of climate in different parts of Europe to major climate shifts in the North Atlantic region. We discuss here the question of synchronism of YD reconstructed in these archives. Table 1 lists estimates of the calendar age of the YD/Holocene boundary. The definitions of this boundary differ among archives. The boundary is defined most sharply in the change of accumulation rate of Greenland snow (completed in 20-30 yr). The changes of oxygen isotope ratios in Greenland ice and Lake Go §ci carbonates (50-70 yr) were as rapid as changes of fluxes of calcium and magnesium. The boundary, by convention, is placed in the middle of the period of rise (decline) of appropriate data. The transitions in vegetation cover (Goci, Soppensee, Holzmaar) responding to climate warming took a longer time, but major changes were completed in 100-200 yr. Here, the YD/PB (Preboreal) boundary is defined as a boundary between pollen assemblage ' (1992); 11,510±180t Hajdas (1993) Swedish Kromer and Becker (1993) *Varve chronology of Lake Holzmaar tVarve chronology of Lake Holzmaar corrected with the match of AMS 14C dates to the 14C calibration data $Boundary set originally in the pine chronology §Boundary set originally in the pine chronology, shifted with a tentative tree-ring match to the oak master chronology zones, and is placed approximately in the middle of the period of rapid change in vegetation. The slowest transition was that observed in isotopic composition of carbon and hydrogen in German pines (ca. 500 yr), and here the YD/PB boundary was set at the beginning of the period of change. The duration of major change in the Swedish study is difficult to determine. We must stress that the durations of major climate change, when reconstructed by proxy data of the same type, are similar, but the calendar ages of major change are different, and the differences are well beyond the durations of individual transitions. For that reason, the delay between climate warming recorded in Lake Gosci4z, Lake Holzmaar and Greenland Summit, and those recorded in the Swiss lake, Swedish varves and German pines must be regarded as real unless an error is found in the calendar age estimates of appropriate archives. The same problem can be observed in the climate cooling recorded at the transition between the AllerOd (AL) and the YD (Table 2) . Here, either the layers of volcanic tephra or the global synchronous changes of 14C age can be used.
DEFINITIONS OF YD BOUNDARIES AND THEIR CALENDAR AGES IN DIFFERENT ARCHIVES
In Figure 1 , we compare the 14C dates from all the archives discussed here (except Greenland ice, of course), with the calibration data based on Barbados and New Guinea corals. In the upper part of the (Kromer and Becker 1993) ; p = Lake Holzmaar macrofossils (Hajdas 1993) ; Q = Soppensee macrofossils ); = Lake Go §cir macrofossils (Goslar et al. ms.) ; Q = Barbados corals (Bard et a1.1993) ; >( = Huon Peninsula corals (Edwards et a1.1993) .1= spline function fitted to Lake Goci± data. A shows the age of the YD/ PB boundary reconstructed in German pines (Becker, Kromer and Trimborn 1991) ; 7r = YD boundaries reconstructed in Greenland ice cores.
figure, we compare the calendar ages of boundaries of the YD. We also show the ages of Laacher See tephra (van den Bogaard and Schmincke 1985) found in Holzmaar and Soppensee. The age of the floating varve chronology of Lake Goci4 was based on the match of 14C dates to the calibration data from German oaks (Goslar et al., ms.) . The ages of the YD boundaries from these archives differ, but the discrepancies among 14C data are also large. However, the differences among 14C dates obtained using accelerator mass spectrometry (AMS) from adjacent samples in a single archive are not too large; thus, these dates seem reliable. Although the Lake Go §cia data generally fit the coral data, the 14C dates from Holzmaar and Soppensee are older. Apparently, not all of the calendar chronologies of Lakes Go §ci, Holzmaar and Soppensee and corals are synchronous. The differences in age estimates of the AL/YD and YD/PB transitions may be due partly to errors in the calendar chronologies (Goslar et al., ms. ). An even higher offset is shown by recent Swedish data (Wohlfarth, Bjorck and Possnert 1995) .
Thus, we tried to "correct" the calendar chronologies to obtain the ages of YD boundaries similar to those recorded in Greenland, and to synchronize exactly the level of Laacher See tephra. This required an addition of ca. 450 varves in the chronology of Soppensee below 10.4 ka BP, and ca. 600 varves to the sequence from Holzmaar below 11.8 ka BP. The age of the floating varve chronology of Lake Gosci was also adjusted to fit the YD boundaries in Greenland. The adjusted age (100 yr older) is still in the range allowed by wiggle-matching to German oaks. The German pine chronology was shifted to synchronize with the Gocichronology. Goslar et al. (ms.) discuss in detail the synchronization of the Goci and German pine chronologies. The separate fits of Lake Go §ci dates to the 14C calibration curve in the portion reconstructed on German oaks and pines suggest a revision of the tentative match of oak and pine chronologies.
In Figure 2 , we compare the 14C dates of "corrected" chronologies. We observe that the data from different archives are more consistent than in Figure 1 . The plot in Figure 2 clearly demonstrates that the differences in the ages of YD boundaries in laminated sediments are produced mostly by the inadequate calendar chronologies. Some doubts may be connected with the two samples from the YD/PB boundary in Soppensee, distinctly younger than the plateau of 10 ka BP. However, the AMS data from non-laminated sediment of adjacent lake, Rotsee (Ammann and Lotter 1988) , with a pollen diagram very similar to that for Soppensee, show the YD/PB boundary in the center of a distinct plateau at 10 ka BP, traced by as many as 11 dates (Fig. 3) . Therefore, the two critical samples from Soppensee can be regarded as contaminated. As shown by Wohlfarth et al. (1993) , the contamination of small macrofossils by modern carbon may sometimes alter a 14C age by many hundred years.
Obviously contaminated is one sample from Lake Goci sediment (indicated in Fig. 2 by a question mark).
The only non-synchronous YD/PB boundary is that in German pines which, without any doubt, is delayed by ca. 200 yr with respect to that in Lake Goci4. Goslar et al. (ms.) discuss this delay elsewhere. Here, we note that the beginning of slow increases of 813C and SD in German pines, attributed to the YD/PB boundary (Becker, Kromer and Trimborn 1991) occurred ca. 200 yr after the main 8180 increase in Lake Goci, during a period of distinct development of elm trees, i.e., after the YD cold period in Poland. As both regions are only 1000 km apart, at the common direction of westerly winds, the main air circulation heating Central Europe from the North Atlantic, it is difficult to imagine that warming on such a scale occurred in the east earlier than in the west. Thus, we conclude that the increased 813C and SD in German pines are, for unknown reasons, delayed with respect to the warming at the termination of the YD. This conclusion does not depend on which chronology (German pines or Goci varves) needs to be revised. Fig. 1 . The dates are modified after correction of varve chronologies of Lake Holzmaar and Soppensee to synchronize the boundaries of the YD in the North Atlantic region, the adjustment of the Lake Gocia± chronology, and the shift of the German pine chronology to synchronize with that of Lake Go §ci.
Symbols are the same as in Fig. 1 .
"REAL" AGE OF YOUNGER DRYAS BOUNDARIES
Although demonstrating the synchronism of YD boundaries, the plot in Figure 2 cannot identify their real calendar ages, because one could argue that, along with the Soppensee and Holzmaar chronologies, the uranium/thorium (U/Th) chronology of corals and the varve chronology of Lake Gosci are inadequate. The correction of Holzmaar and Soppensee chronologies would require some hundred varves missing from the sequences, whereas the error of Lake Go §ci± would require the fragment of some hundred varves to be doubled. It must be stressed that, based on AMS 14C dates, Hajdas (1993) demonstrated the lack of ca. 880 varves in the Lake Holzmaar sequence from the 4th millennium BP. This gap was not detected previously when analyzing the varve structures. On the other hand, it is difficult to imagine doubling the laminated sequences (by a slump?) with no serious disturbance to the laminated structure, and thus seems impossible without visible evidence in varve quality. Further, the close varve-to-varve correlation of laminated sequences from two separate basins of Lake Go §ciq (Goslar et al. 1993) seems to preclude the occurrence of a slump. The serious revision of Lake Go §ciq chronology would also require the revision of the U/Th chronology of corals, which seems unjustifiable. Supporting the validity of Lake Gociand U/Th chronologies is the agreement of the ages of YD boundaries with those recorded in Greenland. That the above-mentioned arguments seem to indicate that varves are missing from the Soppensee and Holzmaar chronologies rather than the Lake Goci4 chronology is erroneous. If not, we must agree that climate changes at the onset and termination of the YD in Europe were delayed by a few hundred years with respect to the case in Greenland. Further study is necessary to resolve this problem.
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